Abstract
Introduction
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Cell proliferation and differentiation in the development of The RUNX/CBFβ heterodimeric transcription factor has 32 been shown to play an important role in regulating cell pro-33 liferation and differentiation in a variety of developmental 34 contexts (for a review, see Coffman, 2003) . The RUNX protein 35 directly binds to its cognate DNA sequence, and its DNA-36 binding activity is enhanced by CBFβ, which itself does not 37 bind to DNA (Pepling and Gergen, 1995; Golling et al., 1996; 38 Yan et al., 2004) . The RUNX/CBFβ complex functions as both 
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In this study, we identify and characterize the C. elegans
122
CBFβ homolog, bro-1, whose mutation results in defects in The post-embryonic stages are indicated along the vertical axis, separated by larval stage. In hermaphrodites, the seam cells V1-V4 and V6 undergo asymmetric cell division in all larval stages, except early L2, with the anterior daughter cell fusing with the syncytial hypodermal cell hyp7 and the posterior daughter cell maintaining seam cell fate. At the L2 larval stage, the seam cells H1, V1-V4 and V6 also undergo a symmetric division pattern, known as proliferative seam cell division (red box), with both daughter cells maintaining seam cell fate. V5 and T undergo a distinct division pattern, with one daughter cell generating neuronal structures (highlighted in red) and the other maintaining seam cell fate. In males, the seam cells V5, V6 and T adopt the male-specific fate of generating rays (not shown here). (C) A wild-type adult animal with 16 seam cells (labeled with scm∷gfp). (D) A bro-1 mutant adult animal with 10 seam cells. (E) The seam cell lineages of bro-1 mutants. Four mutant animals were followed from late L1 to early L3 stage. In the lineage (of one of bro-1 mutant animals) shown, the V2 and V3 seam cells underwent normal L2 division pattern, while the V1, V4 and V6 seam cells showed defects in the proliferative seam cell division at the L2 larval stage, resulting in a reduced number of seam cells. The stages not followed were shown in dashed lines. (F) A wild-type male tail, showing the normal generation of nine pairs of rays, embedded in the cuticle fan. (G) A bro-1 mutant male tail, resulting in missing ray phenotype. In the bro-1 mutant male shown, rays 2, 3 and 4 were fused together (all three rays have the ray 3 identity), while other rays were missing on top side, and rays 1, 4, 5, 6 and 8 were missing on the bottom side. (H) The frequency (in percentage) in which each ray is found in bro-1 mutant males (n = 61): ray 1: 13.1%; ray 2: 24.6%; ray 3: 93.4%; ray 4: 49.2%; ray 5: 41.0%; ray 6: 23.0%; ray 7: 90.2%; ray 8: 82.0%; ray 9: 85.2%. (I) A bro-1 mutant animal displaying fusion of seam cells at the L4 larval-to-adult switch, as visualized by the adherent junction reporter ajm-1∷gfp. (J) A wild-type animal with three parallel longitudinal adult cuticular alae structures (arrow). (K) A bro-1 mutant animal with defective adult alae formation, resulting in the complete absence of adult alae in this animal. (L) A wild-type animal with a dat-1∷gfp-labeled postdeirid structure on each side (arrows). (M) A bro-1 mutant animal missing postdeirid structures, as determined by the lack of dat-1∷gfp expression at the position where the structures should normally form. (N) Summary of the expression of dat-1∷gfp at the position of postdeirid in various genetic backgrounds. The frequency of animals showing expression of dat-1∷gfp: wild-type: 99.5% (n = 204); bro-1: 69.5% (n = 200); unc-37: 98.5% (n = 200); bro-1 unc-37: 35.4% (n = 198). (O) A wildtype animal with its phasmid structure taking up the dye in the Dye-filling assay (arrows). (P) A bro-1 mutant animal with only one side showing the dye staining. (Q) Summary of the dye staining by the phasmid structure in different genetic backgrounds. The frequency of animals with dye staining: wild-type: 97.1% (n = 204); bro-1: 39.9% (n = 346); unc-37: 90.7% (n = 400); bro-1 unc-37: 41.1% (n = 426).
Identification, mapping and cloning of bro-1 and unc-37
136
Strain JR667 (scm∷gfp) was used for mutagenesis and F2 progenies were 137 screened. From the 4000 genomes screened, 10 mutations were identified that 138 had a reduced or an increased number of seam cells.
139
Three-factor mapping placed bro-1 between unc-38(x20) and dpy-5(e61) 
146
Three-factor mapping placed unc-37(bp138) between dpy-5(e61) and unc-147 13(e1091) on linkage group I. Eighty-one out of the 112 Dyp non-Unc 148 recombinants from dpy-5 + unc-13 /+ unc-37 + cross carried unc-37(bp138).
149
Cosmids from this region were coinjected with pRF4 marker for transformation 150 rescue experiments. The PCR fragment containing W02D3.9 rescued defects in 
Lineage analyses
154
Single worm was placed on 2% agarose pad with 5 μl M9 buffer. After 155 observation, the worm was aspirated and placed onto a fresh plate to recover.
156
This procedure was repeated every 2 to 4 h.
157
Dye-filling assay
158
The worms were stained with 25 μg/ml DiO solution at room temperature for 159 2 h and then destained for 1 h. The stained animals were visualized under 160 fluorescence microscope using a Rhodamine filter.
161
RNA interference
162
Single-stranded RNA (ssRNA) was transcribed from the T7 and SP6- into pGEX-4T-1 for GST fusion protein and pET28a(+) for His-tagged protein.
183
cDNA encoding UNC-37 and the WD repeats of The scm∷gfp expressing cells were scored in adult worms for all except the bro-1;sop-1 and rnt-1;sop-1 mutants, which were scored in late larval stage arrested animals. rnt-1(ok351) is not a null allele (Nimmo et al., 2005 1O) (Herman and Horvitz, 1994 (Fig. 3B ) (Zhang et al., 2003) . We sequenced the mutant allele 340 and found that bro-1(bp133) is a nonsense mutation that 341 changes amino acid Trp to a stop codon at the 91st amino acid,
342
deleting 61 amino acids of the C-terminal (Fig. 3B) . Presence of 343 a disrupting mutation in bro-1(bp133) further confirmed the 344 identification of the bro-1 gene. The seam cell division pattern was followed in one alg-1 and one bro-1;alg-1 animal from late L1 to early L3 stage. The bro-1;alg-1 mutant showed defects in the proliferative seam cell division at both the L2 and L3 larval stages.
bro-1 is specifically expressed in seam cells
346
The expression pattern of bro-1 was examined using the 347 translational fusion gfp∷bro-1 reporter (details see Methods
348
and materials), which was functional in rescuing the defects in bound to RNT-1 (Fig. 5A) . The binding activity of RNT-1 was 407 further delimited to the RUNT domain (Fig. 5A ).
408
We also determined the interaction between RNT-1 and RNT-1 (Fig. 5A ). BRO-1(bp133), however, retained some weak 415 binding activity with the RUNT domain of RNT-1 (Fig. 5A ),
416
suggesting that other regions of RNT-1 modulate the binding 417 specificity of the RUNT domain. DNA-binding activity of RNT-1 (Fig. 5B) . The DNA-binding 428 activity of RNT-1 was further mapped to the RUNT domain of 
U N C O R R E C T E D P R O O F
435
The RNT-1/BRO-1 complex directly interacts with UNC-37, the repeats. We found that the well-characterized loss of unc-37 the binding activity of RNT-1(1-291) with UNC-37 (Fig. 5C ).
464
Further analysis indicated that the RUNT domain of RNT-1 465 mediated the binding to UNC-37 (Fig. 5C ). This is different stage in bro-1;fzr-1 double mutants (Fig. 6D ).
495
The G1 to S progression is negatively regulated by cki-1,
496
which encodes the CIP/KIP CDK inhibitor (Hong et al., 1998; 497 Boxem and van den Heuvel, 2001; Fukuyama et al., 2003) .
498
However, in cki-1(RNAi) animals, the number of seam cells was 499 highly variable, ranging from 8 to 21 (Fig. 6E) . Detailed 500 analysis indicated that some cells, labeled by the ajm-1∷gfp formation of the seam cell fate (Fig. 6F ). This is in agreement 503 with the observation that cki-1 is involved in cell fate 504 acquisition in the somatic gonad (Kostic et al., 2003 (n = 31), suggesting that the seam cells were generated correctly. 
534
7C-E). Also, an unc-37 mutation greatly enhanced the defects 535 in the differentiation of the daughters of V5 in bro-1 mutants 536 (Fig. 1N ). These synthetic defects could be explained by the (Table   549 1; Fig. 7F ). In the bro-1;sop-1(RNAi) Boxem and van den Heuvel, 2001; Fukuyama et al., 2003) .
575
Also, the expression of cki-1 is upregulated in rnt-1 mutants 576 (Nimmo et al., 2005) , indicating that cki-1 is likely to be one of 577 the targets negatively regulated by the RNT-1/BRO-1 complex.
578
Several observations indicate that the transcriptional repres- 
